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A source-to-sink system comprises all areas that contribute to erosion, 
transportation, and deposition of sediments. Therefore, a source-to-sink analysis in a 
continental-marine siliciclastic system requires data that extend from headwaters to the 
deep-marine basin-floor fans.  The vast amount of data available from the U.S. Gulf of 
Mexico (GoM) Basin has allowed researchers to develop detailed source-to-sink 
reconstructions of numerous deep-water fan complexes and their corresponding onshore 
siliciclastic sources. Paleogeographic maps indicate that Wilcox siliciclastic deep-water 
systems resulted from erosion and extensive fluvial transport of sediments from the 
Laramide tectonic front belt into the GoM Basin. In contrast, less is known about 
sedimentation in the southern region of the GoM offshore Mexico. Indeed, there is no 
consensus regarding the influence of the southern Laramide upland sediment sources upon 
Mexican deep-water strata.  
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To explain sedimentation in Mexico’s deep water, a three-phased approach was 
employed: 1) characterization of the deep-water depocenters; 2) determination and analysis 
of potential basinal entry points; and 3) semi-quantitative analysis of source to sink scaling 
relationships. Isochore and structural mapping of the Paleocene and Eocene Wilcox 
depocenters were constructed using well logs, biostratigraphic information, and marine 
seismic data. Potential entry points were identified by analysis of onshore data, including 
evaluation of Wilcox fluvial-deltaic systems rimming the GoM.  Empirical scaling 
relationships between and within fluvial and deep-water source to sink segments highlights 
potential avenues of sediment flux into the basin.  
This project provides a new understanding of the Wilcox source-to-sink history of 
the Gulf of Mexico Basin. The paleogeography of the GoM Basin changed greatly from 
north to south. The U.S. sector and northern Mexico were a passive margin: continental-
scale fluvial systems fed a broad, gently dipping shelf. Conversely, the southern Gulf of 
Mexico Basin was an active margin: small-scale fluvial systems sourced from the 
Hidalgoan uplands migrated directly into foreland Basins located in the Basin slope. 
Results presented here indicate that several systems rimming the southern GoM transported 
sediment from the mountain belt into the deep-water gulf. During the Paleocene, sediment 
was mostly routed through canyons in eastern Mexico and through long fan complexes 
extending from the U.S. into Mexican waters. During the early Eocene, accommodation in 
certain areas of the foreland were filled, and sediment transport was dominantly from 
eastern Mexico into deep-water areas. 
Deepwater depocenters documented in this study not only provide information 
about the history of siliciclastic sedimentation in the deep-basin, but also highlight the 
tectonic evolution of the North American craton. The development and extent of deep-
water fans in the GoM basin appear to be significantly affected by the timing and location 
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of tectonic uplift. Thus, we hypothesize that the stratigraphic record of deep-water fans in 
many other geologic systems could be used to illuminate information about the terrestrial 
record of the source area.   
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Chapter 1:  Introduction 
OVERVIEW  
The Gulf of Mexico (GoM) Basin is one of the most prolific hydrocarbon systems 
in the world. Many of the reservoirs are part of Paleogene-age deep-water fan complexes. 
These siliciclastic deep-water systems are a result of erosion and fluvial transport of 
sediments from the Laramide tectonic front belt into the GoM (Galloway, 1989; Galloway 
et al., 2000; Galloway et al., 2011; Blum et al., 2015). The vast amount of data available 
from U.S. onshore and offshore exploration activity has allowed researchers to develop 
detailed source-to-sink paleogeographic reconstructions of Paleogene-age deep-water fan 
complexes and their onshore sources (Galloway, 1989; Galloway et al., 2000). In contrast, 
less is known about sedimentation and stratigraphy in the Mexican region of the GoM. 
Thus, no consensus currently exists regarding the influence of the southern Laramide 
upland sediment sources upon Mexican deep-water strata.  
Some researchers contend that during the early Cenozoic, a foreland system 
adjacent to the Mexican Laramide mountain belt had sufficient accommodation to trap 
sediments eroded from the nearby Laramide uplands (Galloway et al., 2000; Alzaga-Ruiz 
et al., 2009; Galloway et al., 2011). Moreover, basement highs and Cretaceous carbonate 
buildups located on the eastern Mexican margin might have created a physical barrier to 
sediment bypass (Alzaga-Ruiz et al., 2009; Galloway et al., 2011). (Alzaga-Ruiz et al., 
2009) studied the formation and evolution of the foreland system in the Chicontepec Basin 
and demonstrated that it was not until the Oligocene that accommodation in the foreland 
Basin was filled, allowing clastic sediments to travel over paleohighs into the Gulf of 
Mexico.  
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Most studies of eastern Mexico focus upon only a small area in the Chicontepec 
Basin adjacent to the Tuxpan Platform. Eastern Mexico is structurally complex (Horbury 
et al., 2003; Rueda-Gaxiola, 2003), so any small-area interpretation should not be used to 
characterize the entire, structurally heterogeneous margin. Only a few regionally 
comprehensive studies evaluate the eastern Mexican boundary during the Paleogene using 
extensive data and valid well control (Horbury et al., 2003). Likewise, the lack of publicly 
available offshore data from southern Mexico has hindered academic deep-water research.  
New offshore wells such as Trion, Pep-1, Maximino (Perdido area) and Puskon 
(offshore Tampico Misantla) all contain abundant Paleogene clastic strata (Pemex, 2013b). 
These new wells seem to contradict the previous geologic models that indicate no potential 
entry point for sediment delivery into Mexican deep water during the Paleogene. These 
new data necessitate an updated geological interpretation of the Paleogene strata in the 
southern gulf.  
This project evaluates siliciclastic sedimentation in Mexican deep-water regions 
during the Wilcox time in the southern GoM (Fig. 1). This study sought to answer the 
following research question: 
Do deep-water fans exist in the southern Gulf of Mexico during the Paleocene 
and early Eocene? 
The presence of deep-water fans would indicate that previous models such as Alzaga-
Ruiz et al., 2009 are not applicable for the entire eastern Mexican margin, and that 
siliciclastic sediments were in fact able to travel through the foreland area into the 
southern GoM basin. Evidence for deep-water fans would require a new model for the 






Figure 1. Stratigraphy of the GoM basin and shelf. Figure A was modified from Lawton 
et al., 2015. Figure B was modified from GBDS Atlas. 
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To explain sedimentation in Mexico’s deep water, a three-phase approach was 
employed: 1) characterization of the deep-water depocenters based on isochore and 
structure maps created using well logs, biostratigraphic information, and marine seismic 
data; 2) determination and analysis of potential basinal entry points based upon onshore 
public data of Wilcox fluvial-deltaic systems rimming the GoM; and 3) analysis of first-
order source-to-sink scaling relationships. 
GEOLOGIC BACKGROUND 
Geologic History 
The Gulf of Mexico Basin began to open at around 210 Ma (Hudec et al., 2013). 
Rifting was part of the breakup of the supercontinent Pangea as the Yucatan microplate 
moved southeast, away from North America (Hudec et al., 2013).  During this time, horsts 
and grabens rimmed the Gulf of Mexico Basin. Paleogeographic lows were filled largely 
with Upper Triassic and Lower Jurassic redbed sediments (Padilla, 1986; Salvador, 1991; 
Hudec et al., 2013). As seawater reached the Gulf of Mexico area during the Callovian, 
several periods of flooding and evaporation led to extensive salt deposition in the 
preexisting crustal depressions (Hudec et al., 2013). After salt deposition ended, rifting 
continued for another 7 to 12 m.y. Extrusive seafloor spreading began at around 154 Ma 
and lasted until 137 Ma (Hudec et al., 2013). Rifting, seafloor spreading, and the 
counterclockwise rotation of the Yucatan block led to a structurally complex eastern 
Mexican boundary (Padilla, 1986; Horbury et al., 2003; Rueda-Gaxiola, 2003; Hudec et 
al., 2013). Several paleogeographic highs, such as the Tuxpan platform, the Tamaulipas 
Arch, and the Coahuila block, were created during this time (Fig. 2). These paleo-highs 
later became key structural elements controlling the location of sediment deposition and 
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dispersal (Padilla, 1986; Goldhammer, 2001; Rueda-Gaxiola, 2003; Alzaga-Ruiz et al., 
2009). 
 
Figure 2. Structural evolution of eastern Mexico (Modified from Goldhammer, 
2001). Images are oriented from west to east to show complex 
tectonic evolution the eastern Mexican margin. Approximate 
location shown in figure 3.  
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During the Cretaceous, the Gulf of Mexico Basin and its margins were marked by 
a major relative rise in sea level (Vail et al., 1977; Vail and Mitchum Jr, 1979;  
Goldhammer, 2001). Deposition in the eastern Mexican boundary shifted from lowstand-
dominated facies (e.g., red beds, evaporites, and marginal-marine siliciclastics) to 
highstand-dominated facies (e.g., shallow-marine carbonates, deep-marine shales, and 
pelagic carbonates). Many of the so-called “carbonate sediment factories” (Goldhammer, 
2001) were localized on the paleohighs created during the opening of the GoM.  
The end of the Cretaceous is marked by the Chicxulub asteroid impact onto the 
Yucatan Peninsula. The impact initiated catastrophic gulf-wide processes that blanketed 
the entire basin. According to a recent publication (Sanford et al., 2016) within days, the 
impact redistributed approximately 1.05 × 105km3 of sediment within and over 1.98 × 
105km3 gulf-wide. Geologic models indicate that deposition of sediment during this event 
overwhelmed virtually all topography and depositional systems at the start of the Cenozoic 
(Sanford et al., 2016). 
By the beginning of the Paleocene, the North American continent experienced a 
series of orogenic events related to the subduction of the Pacific plate under the North 
American plate. In the U.S., this mountain-building event is known as the Laramide 
Orogeny, and was characterized by thick-skin deformation. During this time, Mexico also 
experienced a mountain-building event known as the Hidalgoan Orogeny, which involved 
mostly thin-skin deformation (Lawton, 2008). In Mexico, the orogenic events resulted in 
the formation of the eastern Sierra Madre as well as the Sierra Zongolica. The tectonic 
loads created by the formation of these mountain belts led to flexural subsidence and the 
development of an extensive foreland basin (Fig. 3) (Gray et al., 2001; Alzaga-Ruiz et al., 
2009; Lawton et al., 2009; Galloway et al., 2011; Gray and Lawton, 2011; Lawton et al., 
2015). The axis of this basin was coincident with the leading edge of the Sierra Madre 
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Oriental, with the thickest 
(deepest) portion centered over 
the Monterrey salient and the 
thinnest (shallowest) portion to 
the south (Gray and Lawton, 
2011).This basin covered the 
region now occupied by South 
Texas, the Parras-La Popa, 
Burgos, Tampico Misantla, and 
Veracruz Basins (Fig. 4).  
 
During the Cenozoic, 
sedimentation in the Gulf of Mexico shifted from largely carbonate to mainly siliciclastic 
deposition (Galloway, 1989; Galloway et al., 2000; Galloway et al., 2011; Blum et al., 
2015). Beginning in the Paleocene, erosion from the Laramide uplift in the Western Interior 
U.S. led to large volumes of terrigenous clastic sediments that were transported by 
extensive fluvial systems into the Gulf of Mexico. Large-scale fluvial-deltaic complexes 
along the northern Gulf of Mexico fed large deep-water fan systems (Galloway et al., 2000; 
Galloway et al., 2011; GBDS, 2016). In contrast, the active tectonic Mexican boundary led 
to the formation of fluvial systems that were shorter than those of their U.S. counterparts 
(Lawton et al., 2009; Lawton et al., 2015). Some researchers state that, in Mexico, most of 
the sediment that was eroded from the Laramide uplands was trapped in the foreland basin, 
leaving a quasi-starved deep-water basin (Galloway et al., 2000; Alzaga-Ruiz et al., 2009; 
Galloway et al., 2011). During the Late Eocene and Oligocene, flexural subsidence stopped 
in the foreland area, and accommodation in the basin was finally filled. Paleohighs and 
 
Figure 3. Hilalogan foreland area during Wilcox time 
(Modified from Lawton et al., 2015). 
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reefs such as the Tuxpan Platform were buried by a wedge of Miocene age siliciclastic 
sediments (Fig. 5) (Alzaga-Ruiz et al., 2009). Siliciclastic sedimentation continued 




Figure 4. Onshore eastern Mexican basins. (Modified from CNH 2015 and Gray 





A source-to-sink siliciclastic system comprises all areas that contribute to erosion, 
transportation, and deposition of sediments (Sømme et al., 2009). Therefore, a source-to-
sink analysis requires data that extend from the catchment headwaters to the deep-marine 
Basin-floor fans.  The most comprehensive source-to-sink studies of the Gulf of Mexico 
were published by (Galloway, 1989; Galloway et al., 2000; Galloway et al., 2011; Mackey 
et al., 2012; Blum and Pecha, 2014; Blum et al., 2015; Lawton et al., 2015)), Mackey et al. 
(2012), Blum and Pecha (2014), Blum et al. (2015), and Lawton et al. (2015). 
Galloway et al. (2000) synthesized well and seismic data and identified 18 basin-
wide genetic stratigraphic sequences that formed the Gulf of Mexico Basin Cenozoic fill. 
The authors defined eight principal extrabasinal fluvial axes that provided the bulk of the 
sediment infill in the basin. A more detailed study of each fluvial axis was published by 
Galloway et al. (2011). Paleogeographic maps of the Wilcox Group were divided into a 
Late Laramide Era (Lower and Middle Wilcox) and a Terminal Laramide Era (Upper 
Wilcox) (Figs. 6, 7).  
 
Figure 5. Cross section through Tampico Misantla Basin. Location is shown in figure 4. 
Image was modified from Alzaga-Ruiz et al., 2009 
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For the Lower and Middle Wilcox 
paleogeographic maps show two major 
fluvial-deltaic depocenters that were aligned 
with the axes of the paleo-Mississippi and 
paleo-Colorado Rivers (Galloway et al., 
2011; GBDS, 2016). These northern fluvial-
deltaic systems helped the northern 
continental margin prograde tens of 
kilometers beyond the Cretaceous margin 
(Galloway et al., 2000; GBDS, 2016). 
According to the Gulf Basin Depositional 
Synthesis (GBDS) paleogeographic 
reconstruction, the paleo-Mississippi and 
paleo-Colorado Rivers were genetically 
linked to extensive deep-water fans (Fig. 7). 
To the south, fluvial systems derived from the 
southern flanks of the Mogollon, Rio Grande, 
and Laramide uplands sourced deltaic 
depocenters in southern Texas and northern 
Mexico. None of these systems are thought to 
be linked to deep-water fans. In Mexico, it is 
thought that sediments transported by fluvial 
systems in northern Mexico are trapped within the foreland accommodation in La Popa 
Basin. During Lower Wilcox deposition, only one, minor, southern deep-water fan is 
defined as having been derived from the Chicontepec Canyon (Fig. 7).  
 





Figure 7. Hypothesized paleogeography of the Gulf of Mexico during the Paleocene 




Fluvial systems interpreted in Galloway et al. (2011) and shown in paleogeographic 
maps (GBDS, 2016) reveal a considerable decrease in sediment in the northern Gulf of 
Mexico during the Upper Wilcox (Fig. 7), probably because of reduced sediment supply 
from the Mississippi and Colorado Rivers (McDonnell et al., 2008; Galloway et al., 2011). 
The largest fluvial systems during this time were the Carrizo and Rio Grande complexes 
in East Texas (Hamlin, 1983; Galloway et al., 2011). Coarse, bed-load-rich sediments were 
transported from the Laramide 
and northern Mexico uplands into 
the Rosita Delta (Fig. 7). Despite 
the high sediment supply in the 
area, the Upper Wilcox margin 
prograded only about 27 miles 
from the shelf edge of the Lower 
Wilcox (Galloway et al., 2000). 
This relatively short progradation 
distance is probably the result of 
accommodation created by 
growth faulting and regional 
extensional rafting (Fiduk et al., 
2004). Separation of an extensive 
raft block may have created 
enough accommodation in the 
gaps to confine Upper Wilcox 
deltaic sediments to a narrow area 
 
Figure 8. Map of the western margin of the Gulf of 
Mexico basin displaying the location of 
the Wilcox depotrough and raft block 
(Modified from Fiduk et al., 2004). 
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along the Texas shelf margin (Figs. 8, 9).  
Hypotheses vary as to the extent and location of Burgos Basin fluvial systems 
during the Lower Wilcox (Galloway et al., 2011; Lawton et al., 2015). Maps of Galloway 
et al. (2011) show minor advances of the fluvial systems closer to the shelf edge. However, 
the maps show a foreland trough bounded by a continuous ridge that prevents sediment 
bypass into the GoM. A recent publication that utilizes U-PB/Zircon data shows the fluvial 
systems feeding a depocenter close to the shelf edge, and in the Tampico basin three fluvial 
systems are developed and a large depocenter is formed (Fig 10a). GBDS paleogeographic 
maps show two fans sourcing from the Chicontepec and Bejuco Canyons (GBDS, 2016).  
 
 
Figure 9. Time-migrated seismic profile displaying Wilcox raft and depotrough. LK= 
Lower Cretaceous, UK= Upper Cretaceous, Wx=undifferentiated Wilcox, 






Figure 10. Paleogeographic reconstruction of Mexico based on detrital zircon age dating 
(Modified from Lawton et al., 2015). A shows Paleocene to early Eocene 
paleogeography. B shows early Maastrichtian paleogeography. 
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It is important to note the density and extent of well data used for the discussed 
source-to-sink reconstructions. An extensive data gap exists for the eastern section of the 
basin and the southern Gulf of Mexico (Fig. 11). This gap, indicates the possibility of a 
Wilcox deep-water system connecting to the Burgos Basin, the Lobo Trend during the 
Lower Wilcox, and the Rosita Delta during the Upper Wilcox. Moreover, interpretation of 
the Mexican deep-water area was based on very few data. Indeed, according to the papers 
cited, the extent and size of the fans sourcing from the Tampico Misantla Basin were 
merely educated inferences, based on the presence of the Bejuco and Chicontepec 
Canyons. Other entry points and deep-water fans may exist in less studied areas of the 




Figure 11. Well database with Wilcox information.  
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Chapter 2: Data and Methodology 
OFFSHORE DATA – METHODOLOGY 
To depict sedimentation in Mexico’s deep-water region, isochore and structural 
maps from the Wilcox interval were constructed using well logs, biostratigraphic 
information, and marine seismic data (Fig. 12). In U.S. literature, the Wilcox interval is 
usually subdivided into Upper, Middle, and Lower Wilcox (Fig. 1B). In Mexican literature, 
the Wilcox is divided into only two members, the Eocene Wilcox and the Paleocene Wilcox 
(Fig. 1). The former is equivalent to the U.S. Upper Wilcox and the latter includes both the 
Middle and Upper Wilcox described in U.S. research. Because much of the data analyzed 
in this project was obtained from Mexican sources, this work follows the Mexican 
stratigraphic convention. Thus, three chronostratigraphic surfaces were interpreted: 
1. Top Cretaceous  
2. Paleocene Wilcox (U.S. Lower and Middle Wilcox) 
3. Eocene Wilcox (U.S. Upper Wilcox) 
Wells used for this study were obtained from the GBDS database (itself from public 
sources), DSDP well reports, and from published Mexican studies (Vizcarra, 2005; 
Herrera, 2006; Nieto, 2010; Pemex, 2011; Escalera, 2012; Pemex, 2012b, a, 2013b, a; 
Sanchez, 2013; GBDS, 2016). Well log correlation, seismic ties, and biostratigraphic 
information were used to determine the top and bottom of each chronostratigraphic interval 
studied. Several U.S. wells along the international border were used to correlate wells to 
seismic data (Fig. 13a and 13b). The Chinook well is located near the international border 
in the Walker Ridge protraction block. This well provides information about the Paleocene 
and Eocene Wilcox interval. Seismic to well tie of Chinook is similar to previous 
publications (Meyer et al., 2005; Rains et al., 2007). The Wilcox interval in the area appears 
as multiple cycles dominated by low-amplitude reflections with interspersed continuous 
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variable amplitude reflections (Fig. 13a). Seismic data with Top Cretaceous well ties in the 
Mississippi Canyon and Desoto Canyon protraction blocks illustrate the distinctive high 
amplitude character of the Top Cretaceous reflector (Fig. 13b).  Seismic horizons were 
correlated from U.S. wells into Mexican waters and were tied to eight Mexican wells and 
two DSDP core sites.  Well ties in the Perdido fold belt area were less clear than these well 
 
Figure 12. Project seismic and well database. Super Cache and Deep 
East surveys were only interpreted in the southern 
section close to international border.  
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ties, due to the structural complexity and pronounced changes in thickness in these 
structures.  
 
Figure 13a. Example of well ties to seimic. A) Eocene and Paleocene Wilcox interval 
within Chinook well. Seismic line courtesy of Spectrum. B) Cretaceous seismic 
tie with three wells:  DSC 269, DSC 268, and MC 392. Seismic lines courtesy 
of Spectrum and Ion Geophysical. 
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Seismic interpretation was carried out using two- and three-dimensional depth 
imaged seismic data sets, which were provided to GBDS by various seismic companies 
(Fig. 12). The primary dataset for the southern Gulf of Mexico interpretation was 
 
Figure 13b. Example of well ties to seismic. A) Eocene and Paleocene Wilcox interval within 
Chinook well. Seismic line courtesy of Spectrum. B) Cretaceous seismic tie with 
three wells:  DSC 269, DSC 268, and MC 392. Seismic lines courtesy of Spectrum 
and Ion Geophysical. 
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YucatanSPAN™, which contains 17,742 km of 2D seismic lines within the southern Gulf 
of Mexico. Additionally, five newly acquired lines came from a PGS southern Gulf of 
Mexico dataset. 
Before this study, PGS seismic lines in the south had not yet been converted from 
time to depth. Therefore new velocity curves were generated at three structural provinces—
the Perdido Fold Belt, the Mexican Cordillera, and the Southeastern Basin—in order to 
convert depth information from Mexican wells (Supremus, Maximino, Pep1, Trion, 
Kunah, Puskon, Lakah, and Piklis) into PGS pre-stack, time-migrated, seismic lines. 
Velocity data were calculated by obtaining several time and depth values from a time-and-
depth version of YucatanSPAN™ at each specific location. Best-fit second-order 
polynomial equations were used for subsequent calculations (Fig. 14).  
 
Figure 14. Velocity curves at three structural provinces, the Perdido Fold Belt, the 
Mexican Cordilleras, and the Southeastern Basin. 
y = -0.0004x2 + 0.7558x - 5360.7
y = -0.0005x2 - 0.68x - 777.74
























Additional seismic data sets from U.S. waters were used in this study to include 
information from U.S. wells near the international border (Fig. 12). These seismic datasets 
comprise two-dimensional seismic surveys: Supercache, and Deep East. Moreover, several 
published cross-sections from interpreted seismic lines along the southeastern Gulf of 
Mexico were utilized for additional data coverage (CNH, 2015). Cross-sections were 
imported into seismic software as vertical images. Halliburton Landmark DecisionSpace™ 
seismic interpretation software was utilized to interpret the 2D and 3D seismic data and 
vertical images, integrated with GBDS-digitized well logs and tops. All structural and 
isopach maps were also created in DecisionSpace™ using the “Frameworks to Fill” 
module. 
ONSHORE DATA – METHODOLOGY 
A collection of onshore data facilitated the evaluation of sediment sourcing to the 
GoM during Wilcox time. This study assessed several areas across the GoM shelf as 
potential entry points for sediment delivery into the deep basin. The viability of entry points 
was defined by the following parameters: 
1. Well-defined drainage system feeding the shelf 
Siliciclastic sedimentation in the shelf and in deep-water regions is 
controlled in part by sediment erosion and transport (Sømme et al., 2009). With few 
exceptions, fluvial systems are common pathways for sediment transport from 
inland headwaters to the shelf, and then to the deep basin. Thus, fluvial axes 
reaching the shelf is a necessary requisite for potential entry points for sediment 
delivery routes extending into the deep basin.  
2. Siliciclastic depocenter with high net-to-gross ratios 
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The ability of a specific fluvial axis to shed sediment into the deep basin 
depends primarily on sediment load and discharge (Sømme et al., 2009). Not all 
fluvial systems carry the same sediment load. Some drainage systems feed large-
scale, sandy deltaic depocenters like the current Ganges and Niger Deltas, whereas 
others might feed only a low net-to- gross shore-zone system such as the Brazos 
(Blum and Aslan, 2006). Therefore, when identifying potential entry points, it is 
imperative to assess fluvial sediment load. 
3. No physical barriers to sediment transport (onshore paleohighs and/or 
troughs) 
Barriers to sediment transport such as troughs or highs could prevent the 
free transport of sediments to the shelf edge and thus to the deep basin. Even fluvial 
systems having high sediment loads might not be able to shed sediment into the 
deep basin. An example relevant to this project is reef blocking of siliciclastics 
behind carbonate rimmed shelf reefs has been noted in the Great Barrier Reef 
system (Puga-Bernabeu et al. 2011). 
4. Large-scale canyons genetically linked to onshore drainage systems  
For many years researchers have argued that canyons are the main, or only, 
conduit for sediment transport from the shelf to the deep basin. However, scientists 
now recognize that canyons are helpful conduits, but they are not always necessary 
for sediment transport into deep water. Many recorded instances exist in the modern 
and ancient record of deep-water fans that are totally unassociated with canyons. 
For example, the Magdalena Fan in Colombia supplies terrigenous sediment to the 
Caribbean Sea, primarily by the Magdalena River and to some extent by the Sinu 
River. In continental slopes, some small-scale erosional channels have been 
observed, but no canyon has been associated with this source-to-sink system (Kolla 
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and Buffler, 1985). As observed in many systems such as the Amazon Fan, La Jolla 
Fan, and Monterrey Fan, canyons definitely assist sediment transfer from the shelf 
to the deep basin (Bouma et al., 1985). However, even large-scale, well-defined 
canyons by themselves do not necessarily provide significant amounts of sediment 
to the basin. Canyons must be proximal to sediment supply. In several modern 
examples, such as the current Baltimore Canyon off the coast of Delaware, the 
canyons are not aiding sediment transport from the shelf to the deep basin.  
For the reasons outlined above, this project critically evaluates canyons 
within a regional context. Canyons were defined as entry points only if a significant 
sediment source was located nearby.   
Wilcox fluvial-deltaic systems (Galloway et al., 2011; Lawton et al., 2015) rimming 
the GoM were evaluated to determine sedimentation at the shelf and to define potential 
entry points for sediment delivery into the Gulf of Mexico. This study addresses five 
Paleocene Wilcox fluvial axes (Mississippi, Colorado, Rio Grande/Lobo Trend, Burgos, 
and Tampico Misantla) and six Eocene Wilcox onshore siliciclastic depocenters 
(Mississippi, Houston-Brazos, Colorado, Rio Grande, Burgos, and Tampico Misantla). At 
the time of this study, no paleodrainage information existed for the Veracruz Basin. An 
attempt was made to analyze the general geology of the basin in order to discern any 
possibility of sediment transport into the Gulf of Mexico through that area. 
Although northern fluvial-deltaic depocenters are mentioned, the evaluation is 
primarily focused on South Texas and Mexico. The analysis was performed with a 
combination of previously published information and evaluation of new data such as 
onshore well logs, petrographic point count data, and onshore seismic data obtained from 
the Mexican literature and the GBDS database (Vizcarra, 2005; Herrera, 2006; Nieto, 2010; 
Sanchez, 2013; GBDS, 2016).  
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Well curves obtained from literature and/or online public sources were digitized 
using Neuralog™. Well coordinates were obtained by georeferencing maps using ArcGIS 
ArcMap™ 10.1. Formation tops were defined using biostratigraphic data derived from the 
BOEM or other sources. Cross-sections were built using NeuraSection™. Lithologies and 
depositional environments were inferred from signature log curves using GBDS Gulf of 
Mexico log pattern guidelines (Fig. 15). Available point count data were plotted on ternary 




Figure 15. Fluvial, delta, shorezone and shelf well log facies definitions and depositional 
interpretation of the Cenozoic systems in the Gulf of Mexico basin (Modified 
from Galloway, 2014). 
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Sandstone interval thickness maps along the Gulf of Mexico shelf were created to 
define depocenters and to understand sediment transport across the shelf. “Sand-bearing 
interval thickness” is equal to the sum of all intervals containing significant sand bodies 
(Fig. 16). The maps are not intended as a net or net to gross sandstone count, rather to 
demarcate important sand fairways.  
 




SCALING RELATIONSHIPS – METHODOLOGY 
Sømme et al. (2009) established that many scaling relationships exist between 
various morphological parameters characterizing the catchment, shelf, slope, and basin-
floor segments in source-to-sink deposystems (Fig. 17). Scaling relationships established 
using a global database of modern rivers and fan systems show a correlation between 
drainage-basin length and deep-water-fan length (Fig. 18).  Reconstructed drainage lengths 
feeding several potential Wilcox entry points were measured in ArcGIS™. The size of the 
longest river was used to calculate the potential extent and area of deep-water fans. Based 
on Sømme et al. (2009) methodology, the length of fan complexes sourced from continental 
scale rivers such as the ones in the northern of GoM is usually 10 to 25 percent of the 
drainage basin length, while the length of fans sourced from smaller scale tectonically 
 
Figure 17. Scaling relationships derived from modern systems (Blum et al., 2015). 
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active systems is usually 10 to 50 percent of the drainage basin length. Fan width was 
calculated following Sømme et al. (2009) and Snedden et al. (in review) methodology 
which states: 
𝐹𝑎𝑛 𝑤𝑖𝑑𝑡ℎ = 0.6909 ∗ (𝐹𝑎𝑛 𝐿𝑒𝑛𝑔𝑡ℎ)0.9683 
These set of scaling relationships are meant to provide a first order estimate of the 
morphological parameters in ancient deep-water systems. Fan-length and width predictions 
were used to compare the results of seismic mapping to what can be expected for a specific 
source-to-sink system.  
 
Friday 18. Fan length versus drainage length. Somme et al., (2009) data contains 
information from 26 modern source-to-sink systems. Snedden et al., (in 
review) data contains information from 23 reconstructed Gulf of Mexico 




The southern Gulf of Mexico has significantly less publicly available data than the 
northern GoM (Fig. 12). This project had neither access to 3D seismic data in the south nor 
abundant Mexico deep-water well control. Deep-water interpretation in Mexico was based 
on 2D regional lines. This research was not intended to define detailed depositional 
environments at specific locations in Mexican deep-water areas. Instead, the purpose of 
this research is to inform the reader about the general trends of sedimentation (and 
depositional axes) in the southern Gulf of Mexico.  
It also important to note the geographic limits of this project, which are focused on 
the southwestern Gulf of Mexico with provenance analyses made in south Texas and 
eastern Mexico. Other areas in southern Mexico, such as the southeastern basins, could 
have supplied sediment to the southern Gulf of Mexico. Nonetheless, those areas have 
different and complex structural domains that would require structural reconstructions that 





















Chapter 3: Results 
OFFSHORE WELL DATA ANALYSIS 
The Wilcox stratigraphic interval was analyzed using well log suites (gamma ray, 
resistivity, spontaneous potential, and neutron-density) from basinal U.S. wells near the 
international border. A cross-section through those wells indicates that the Wilcox interval 
thickens toward the west, particularly the Paleocene Wilcox (Fig. 19). The Paleocene 
interval increases from less than 500 ft. in the east to more than 4,000 ft. in the west. By 
contrast, the Eocene section does not systematically change in one direction. The vast 
majority of the sand is part of the Paleocene Wilcox interval, which has been described by 
Meyer et al. (2005) as a sheet sand to amalgamated-sheet sand complex, which he 
interpreted to be part of a basin-floor fan system. The few sandy packages observed in the 
Eocene Wilcox are part of channel-levee to amalgamated channels in a toe-of-slope to 
basin-floor setting (Meyer et al., 2005).  
Several Mexican wells in the Perdido area were studied and compared to the U.S. 
Wilcox trend. Four wells drilled by Pemex reached the Wilcox interval within the Perdido 
area: Maximino-1, Trion-1, Trion-1LD, and Pep-1. A cross-section connecting the U.S. 
and Mexican wells within the Perdido field shows a distinct change in sedimentation from 
north to south. Wells indicate a higher sand content in the Mexican Eocene Wilcox section 
than in the U.S. Paleocene Wilcox section as the Paleocene Wilcox maintains a constant 
thickness from north to south, and the Eocene Wilcox thickens toward the south (Fig. 20).  
South of the Perdido Fold Belt, only a few publicly available wells reached the 
Eocene and Paleocene section. Offshore from the Tampico Misantla Basin, wells Talipau-
1 and Catamat-1 were drilled into the Upper Eocene section, but not into the Eocene Wilcox 
(Lower Eocene). The Puskon well is the only penetration in the area that contains most of 
the Wilcox section (Fig. 21), located within the Mexican ridges just offshore of the Tuxpan 
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Platform. A schematic representation of the well on seismic shows a thinner Paleocene 
Wilcox than Eocene Wilcox. The image also indicates that the detachment related to the 
Mexican Ridges is within the Paleocene Wilcox strata. Mexican reports indicate that a 
reservoir was found in the Paleocene section, which suggests the presence of sand bodies 












































































































































































































Figure 21. Schematic two-way travel time seismic profile with Puskon well. Well top 
information was obtained from Escalera (2012). 
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OFFSHORE SEISMIC DATA ANALYSIS 
Cretaceous 
By the end of the Cretaceous, the Gulf of Mexico experienced a basin-wide 
transition from carbonate deposition to siliciclastic sedimentation. The impedance contrast 
interpreted on seismic data between the dense and tightly cemented carbonate rocks and 
the less dense clastic rocks creates a distinct and widespread high-amplitude reflection as 
seen in figure 13 (Rodriguez, 2011). Other authors have also attributed the continuous high-
amplitude reflection at the top Cretaceous to the basin-wide blanketing breccias that were 
deposited in the GoM as a result of the Chucxulub meteorite impact (Sanford, 2015). 
A structural contour map of the Top Cretaceous from this study (Fig. 22) shows 
well-defined steep carbonate platforms in the western Florida margin, the Yucatan 
Peninsula, and some areas of the eastern Mexican margin. The deepest areas where top 
Cretaceous are mapped are offshore of the Tampico Misantla Basin (10–11 km below sea 
level), and the deep salt province in the northern Gulf of Mexico (11–12 km below sea 

























































The Paleocene section is composed of a thick siliciclastic sedimentary wedge that 
onlaps the eastern Cretaceous shelf margin (Fig. 23), reflecting general sourcing from the 
west and north. The Paleocene contour structure map shows that the shallowest sections 
mapped are within deformed strata in the Perdido contractional Fold Belt as well as under 
the Mexican ridges, whereas the deepest sections are located 9 km below sea level offshore 
of Tampico Misantla and also 10 km below sea level in the northern deep-salt province 
(Fig. 24).  
Overall thickening is toward the western section of the GoM basin, as shown by 
the isochore maps (Fig. 25).  Two major depocenters are present in the north and two 
depocenters in the south. The thickest of these is in the northern Gulf of Mexico Basin 
within the Perdido Fold Belt (Fig. 25). Strata near the US border appear to be thickening 
toward the north, indicating a U.S. sediment source. A second, less pronounced depocenter 
is observed in the northeast. Paleocene deposits thicken from near zero near Florida and 
the Yucatan to 1.2 km in the area within Walker Ridge and Green Canyons protraction 
blocks. A third, major depocenter is found offshore of Tampico Misantla. The area of this 
depocenter is approximately 67,309 km2 and ranges in thickness from 1.5 km to 2.5 km. In 
the south, a depocenter is found offshore from the Veracruz Basin in which Paleocene 
strata thicken to 2.4 km. The southern depocenters (offshore Tampico Misantla and 








































































































































































































The Eocene section developed similar map patterns of structural lows and highs as 
with those of the Paleocene interval (Fig. 26). The shallowest areas mapped are within the 
deformed strata in the Perdido Fold Belt, underneath the Mexican ridges, and around salt 
stalks of the Salina del Istmo. Conversely, the deepest section is found within the deep-salt 
province, where Eocene Wilcox strata are interpreted at ~1 km below sea level. Regional 
seismic lines show that the Eocene Wilcox onlaps the older Cretaceous carbonate platforms 
in the Yucatan Peninsula and the western Florida Escarpment (Fig. 23).  
Less sediment accommodation is evident during the Eocene in the northern GoM 
Basin than during the Paleocene, comparing thicknesses between the two intervals (Fig. 25 
and 27). Indeed, no comparable depocenters are observed in the northern GoM during 
Eocene time. In the Mexican regions, isochore maps indicate an increase in sedimentation, 
which formed three large depocenters. Offshore of the Burgos Basin, a new depocenter 
developed, in which Eocene strata thicken from 1.2 km to 1.8 km. Offshore of Tampico 
Misantla, the same Eocene section increases from 1.2 km to more than 2.1 km thick. 
Another depocenter is observed offshore of the Veracruz Basin. There, Eocene strata 





























































































ONSHORE DATA ANALYSIS 
Available offshore wells and seismic data indicate high sediment accumulation in 
the southern GoM Basin during the Paleocene and Eocene Wilcox. The main sources of 
sediment supplying the depocenters observed in the southern GoM remain enigmatic. This 
study utilized public data and observations from previous studies to evaluate several 
onshore areas rimming the Gulf of Mexico as potential sediment entry points into the basin 
during the Paleocene and Eocene Wilcox.  
Paleocene Wilcox (Middle and Lower Wilcox) 
Mississippi Fluvial-Deltaic Complex 
Extensive fluvial systems transported sediments from the Laramide uplands in the 
northern U.S. into the Mississippi fluvial delta (Fig. 7; (Galloway et al., 2011). Sandstone-
thickness maps show progradation of sediments all the way to the contemporaneous shelf 
edge (Fig. 28). The paleo-Mississippi fluvial-deltaic complex has been defined by other 
authors as an entry point feeding a large-scale deep-water fan in the northern GoM Basin 
(Galloway et al., 2000; Galloway et al., 2011). Results from seismic interpretation show a 
major depocenter offshore of the Mississippi complex (Fig. 25). With no barriers for 
sediment flow, it is likely that the Mississippi fluvial-deltaic complex fed a deep-water fan 


















































































































Colorado Fluvial-Deltaic Complex 
During the Paleocene Wilcox, the paleo-Colorado River fed the Houston deltaic 
system (Fig. 7). This deltaic depocenter has also been mapped by several researchers 
(Edwards, 1981; Winker, 1984; Galloway et al., 2011). A cross-section through Texas 
shows a clear northward- thickening trend of the Paleocene Wilcox section (Fig. 29, 30). 
Well data indicate a progradational facies succession and upward coarsening, lenticular, 
and discontinuous sand bodies. Comparison with known Paleogene log motifs (Fig. 15) 
suggest a fluvial to deltaic depositional environment. Available petrographic data indicate 
that sandstones are litharenites composed primarily of quartz grains, and smaller amounts 
of lithics and feldspars (Fig. 31).  
 

































































































Figure 31. Ternary diagram displaying composition of Paleocene sandstones. Data from 
Houston delta obtained from Mackey et al., 2012; Lobo trend from Dickersons et al., 1995; 
La Popa Basin from Lawton et al., 2009. Burgos Basin from Herrera, 2006. 
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Onshore sandstone-thickness maps show that during the Paleocene, sediment 
delivered by the Colorado fluvial system filled accommodation on the shelf and transported 
siliciclastic sediments to the shelf edge (Fig. 28). Without physical barriers for sediment 
transport, it is likely that the high sediment flux of the Colorado River could have fed a 
deep-water fan complex, as was interpreted by other authors (Galloway et al., 2000). 
Seismic isochore map and well data of the Paleocene interval show a landward-thickening 
trend toward northeast Texas (Fig. 25). Thus, it is likely that the Colorado fluvial-deltaic 
complex fed a deep-water fan system.  
Rio Grande/Lobo Trend 
A smaller-scale fluvial system, the paleo Rio Grande, provided sediments to the 
Paleocene Wilcox Lobo Trend in South Texas (Fig. 7 (Galloway et al., 2011)). The Texas 
log cross-section and sandstone thickness maps show that South Texas section contains 
significantly less sand than does the northern Colorado fluvial-deltaic system (Figs. 28, 
30). The few sand packages present are primarily composed of quartz and can be described 
as sublitharenites/subarkose using Folk’s (1957) classification scheme (Fig. 31). Well log 
interpretations show progradational to aggradational facies successions, and upward-
coarsening, lenticular sand bodies with transitional to sharp bases and sharp tops. Based on 
known Paleogene log motifs (Fig. 15) these patterns suggest a shorezone depositional 
environment. Hence, onshore well data indicate that the Lobo Trend is a low-net-to-gross, 
shelf-contained shorezone system. These strike-fed systems rarely act as point sources for 
large submarine fans (Galloway et al., 2000). Thus, the paleo Rio Grande fluvial axis does 
not seem to be a viable entry point for sediment delivery into the Gulf of Mexico Basin.  
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Burgos Basin 
During the Paleocene, fluvial systems flowing into northern Mexico do not appear 
to have delivered a large amount of sediment near the shelf edge. Most of the sediment 
accumulated in the La Popa Basin, an inland deltaic depocenter, (Lawton et al., 2009). On 
the shelf of the Burgos basin, wells show low net-to-gross ratios (Fig. 32), and 
biostratigraphic data indicate an outer neritic shelfal depositional environment. Well log 
patterns contain aggradational to progradational blankets and prisms. Based on known 
Paleogene log motifs (Fig. 15) well log character suggest that the area was part of a wave-
dominated shelf. Sand packages comprise moderately sorted and sub-angular silts to fine-
grained sands (Herrera, 2006). Sandstone composition in the Burgos Basin is much 
different from sandstone composition in southern Texas and northern Mexico (Fig. 31). 
Burgos samples have an unusually high feldspar content and are categorized as subarkose 
to arkose on the basis of Folk’s (1957) classification. 
Similar to the Lobo Trend, the Burgos shelf had a low net-to-gross ratio and appears 
to be a shelf-contained sandy system. Isochore maps of offshore areas show no thickening 
trend toward the Burgos Basin. Thus, northern Mexico does not seem to be a viable entry 









Figure 32. Cross section through northeastern Mexico - Burgos Basin. 
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Tampico Misantla Basin 
The stratigraphy of the Tampico Misantla Basin has been studied by several 
researchers (Busch, 1978; Rueda-Gaxiola, 2003; Alzaga-Ruiz et al., 2009; Cossey, 2011; 
Vásquez et al., 2014). The basin was located on the continental slope and was part of a 
lower to middle bathyal depositional environment (Fig. 33). Most of the studies focus on a 
“sub-basin” of Tampico Misantla known as the Chicontepec Basin, which is west of the 
Tuxpan Platform. Seismic profiles through the area show the Wilcox section onlapping 
onto Cretaceous carbonate buildups (Figs. 34, 35, and 36). Such data negate the possibility 
of sediment transport from the Tampico Misantla Basin into the GoM basin. However, the 
Tuxpan Platform is only present in a small region of the Tampico Misantla Basin.  
During the Paleocene, three fluvial systems were feeding the basin (Fig. 10). 
Sediment from these rivers was probably delivered into the basin through gullies and as 
mass-wasting deposits (Fig. 37; (Vásquez et al., 2014). Two large scale canyons have been 
mapped at the northern and southern ends of the Tuxpan platform (Busch, 1978; Cantu‐
chapa, 1987; Cantu-Chapa, 2001)(Fig. 38). Both the Bejuco and the Chicontepec Canyons 
may have helped sediments to be routed from Tampico Misantla into the GoM basin. As 
shown earlier, isochore maps based on offshore seismic interpretation show landward-
thickening trends toward the Bejuco Canyon and to some extent to the Chicontepec Canyon 
(Fig. 25). Thus, it is likely that both the Bejuco and Chicontepec canyon acted as entry 
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Figure 37. Paleocene paleogeography of the southern sector of the Tampico Misantla basin. 
(Modified from Vasquez et al., 2014). 
 
 
Figure 38. Chicontepec and Bejuco canyons in the Tampico Misantla basin. Fluvial axis 




Offshore isochore mapping shows clear landward thickening toward the Veracruz 
Basin (Fig. 25). Unfortunately, most of the studies in the area focus on younger strata and 
no Wilcox paleo-drainage reconstruction was available for the Veracruz Basin. Sparse 
publicly available data indicate that during the Paleocene, the area experienced subsidence 
related to Hidalgoan thrust loading. In the Veracruz Basin, Paleocene sediments thin 
toward the north. Thus, it is likely that The Veracruz Basin and the Tampico Misantla Basin 
were separated by a paleo high (Prost and Aranda, 2001). Nonetheless, the Veracruz Basin 
had a similar depositional environment to the Tampico Misantla foreland basin. The 
Paleocene section in the Veracruz Basin is composed of two main facies: sandy deep-water 
flysch deposits (“Chicontepec”), and calcareous shales of the Velasco Formation (De La 
Fuente-Navarro, 1959). There is no onshore evidence suggesting that the Veracruz basin 
could have acted as entry point for sediment delivery into the GoM Basin. 
Scaling Relationships 
Analysis of onshore data indicates that during the Paleocene at least five potential 
entry points existed in the GoM (Table 1). Continental-scale paleo-Mississippi and paleo-
Colorado transported vast amounts of sediments from the Laramide uplands into thick 
fluvial-deltaic depocenters. With no barriers to flow, sediments were transported to the 
contemporaneous shelf edge and into the deep basin. Both the Mississippi and Colorado 
fluvial axes appear to align with an offshore depocenter mapped on seismic. Fan 
predictions based on Sømme et al. (2009) empirical scaling relationships indicate that the 
Mississippi fluvial axis had the capacity to create a fan that extended well within the 
northeastern depocenter that was interpreted in this study using seismic data (Table 2, Fig. 
39). Fan predictions for the Colorado system reach the northern extent of the Perdido field 
depocenter (Fig. 39).  
 59 
In the south, at least three other potential entry points were defined. Two entry 
points in the form of large-scale canyons in the Tampico Misantla Basin. These two 
systems also appear to align with deep-water depocenters mapped from seismic. Fan length 
and width predictions suggest that the fluvial systems feeding the Tampico Misantla basin 
have the capacity to form deep-water fans large enough to reach the offshore depocenters 
mapped on seismic (Table 2, Fig. 39).  The third potential entry point is located in the 
Veracruz basin. However, no paleo-drainage reconstruction was available for this system. 
Thus, no scaling relationships were calculated for the area. Instead, isochore thickness 
maps were used to delineate the potential extent of a fan sourced from the Veracruz Basin 






































Mississippi Low None None No No 
Houston Low None None No No 
Colorado High None Yoakum No Yes 
Rio Grande High Rafting trough None No No 
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Eocene Wilcox (UW) 
Mississippi Fluvial-Deltaic Complex 
The Eocene Wilcox Mississippi drainage system is considerably smaller than its 
Paleocene Wilcox counterpart (Galloway et al., 2011). Sandstone bearing interval maps 
show a significant reduction in sediment deposition at the shelf (Figs. 28, 40) .The shelf 
changes from a large, prograding fluvial-deltaic complex to a small, retrograding, wave-
dominated shore-zone system. Offshore isochore mapping shows a reduction in overall 
thickness, and no large depocenter is found offshore of the Mississippi shore-zone system 
(Fig. 27).  Thus, the paleo Mississippi fluvial axis does not seem to be a viable sediment 
source for delivery into the GoM Basin.  
Houston-Bravo Fluvial-Deltaic Complex 
During the Eocene, a continental-scale fluvial system known as the Houston-Bravo 
formed (Galloway et al., 2011).  However, a cross-section through Texas shows that 
sedimentation during the Eocene Wilcox is significantly slower than the Paleocene Wilcox 
(Fig. 30). A sandstone interval thickness map shows that the Wilcox interval changes from 
approximately 4,500 ft. thick during the Paleocene to around 800 ft. thick during the 
Eocene (Figs. 28, 40).  
The area has been described as a fluvial-dominated delta (Galloway, 2000). Well 
logs show thin progradational facies successions with upward-coarsening, lenticular, 
discontinuous sand bodies overlying prodelta muds (Fig. 30). Point count data from the 
interval indicate that the sands are lithic arkose to subarkose, based on Folk’s classification 
scheme (Fig. 41). Because of the significant decrease in siliciclastic deposition, the area 






















































































































Figure 41. Ternary diagram displaying composition of Eocene sandstones. Data obtained 
from GBDS database (GBDS, 2016). 
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Colorado Fluvial-Deltaic Complex 
The Paleo Colorado, a sand-rich, bedload-dominated fluvial system, fed the 
northern part of the large-scale, wave-dominated Rosita system. A cross-section through 
the area shows sand-rich progradational facies successions with upward-coarsening to 
massive delta margin sand bodies overlying prodelta muds (Fig. 30). Sands in this system 
vary from quartzarenites to lithic arkoses (Fig. 41). Sandstone interval thickness maps 
show a range of 1000 to 5000 ft. (Fig 40).  
Although the shelf had extensive deposition of siliciclastics, continental margin 
outbuilding was limited by contemporaneous growth faulting and rafting (Fiduk et al., 
2004). The separation of an extensive raft block system probably created enough 
accommodation in the gaps to confine Eocene Wilcox deltaic sediments to a narrow area 
along the Texas shelf margin (Figs. 8, 9). Nonetheless, the Yoakum canyon, one of the 
largest canyons mapped within the Wilcox interval, lies at the northeastern margin of the 
raft blocks. This canyon may have facilitated transport of sediments delivered by the 
Colorado fluvial system into the GoM Basin.  
Rio Grande Fluvial-Deltaic Complex 
South Texas experienced a dramatic increase in sedimentation during the Eocene 
Wilcox. Unlike the low net-to-gross shore-zone system of the Paleocene Wilcox, the 
Eocene of South Texas became the southernmost extent of the thick, wave-dominated 
Rosita Delta. Well logs show sand-rich progradational facies successions with upward-
coarsening to thick delta shelf margin sand bodies overlying prodelta mud (Fig. 30). Sandy 
intervals show transitional to sharp bases with sharp tops. Sands are mostly composed of 
subarkoses to quartzarenites (Fig. 41). Sandstone interval thickness maps show a range of 
1000 to 5000 ft. of thicknesses (Fig. 40).  
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Similar to Central Texas, the shelf in South Texas is affected by large-scale rafting 
(Figs. 8, 9). Sediment from the paleo-Rio Grande fluvial system may have been confined 
to the accommodation created by the separation of the raft block. To date, no large-scale 
canyons have been observed in the Wilcox stratigraphy of South Texas. Thus, it is unlikely 
that South Texas could have acted as a sediment entry point.  
Burgos Basin 
During the early Eocene, fluvial systems in northern Mexico advanced beyond the 
foreland area toward the Burgos shelf (Fig. 10). A well-log cross-section from the Burgos 
Basin shows a considerable increase in sand deposition during the Eocene Wilcox (Fig. 
32). Biostratigraphic analyses from these wells indicate an upper neritic shelfal 
depositional environment (Herrera, 2006). Well logs show progradational to aggradational 
facies succession. Sand bodies display upward-coarsening, lenticular to tabular intervals 
with transitional to sharp bases and sharp tops. Based on known Paleogene log motifs (Fig. 
15), these well suggest that the area was part of a shore-zone depositional environment. 
Evidence of increase siliciclastic deposition in the Burgos shelf raises the possibility that 
sediment eroded from the Laramide uplands could travel through the Burgos shelf into the 
GoM Basin. Seismic isochore maps show a depocenter offshore of the Burgos Basin (Fig. 
27). Thus, it is possible that the Burgos basin could have acted as an entry point for 
sediment delivery into the GoM Basin.  
Tampico Misantla Basin 
Three fluvial systems have been mapped in the Tampico Misantla Basin during the 
Eocene Wilcox as seen in figure 10 (Lawton et al., 2015). Biostratigraphic data indicate an 
upper bathyal environment (Fig. 33). Previous studies indicate an increased sedimentation 
during the Eocene Wilcox (Fig. 42). Erosion within the Bejuco and Chicontepec Canyons 
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continued from the Paleocene into the early Eocene (Cossey, 2007). Isochore maps of the 
GoM Basin show two large depocenters just offshore of the Chicontepec and Bejuco 
Canyons (Fig. 27). Thus, it is possible that the canyons could have acted as an entry points 
for sediment delivery into the GoM Basin. 
 
Figure 42. Eocene paleogeography of the southern sector of the Tampico Misantla basin. 




Mapping of offshore areas shows landward thickening toward the Veracruz Basin 
(Fig 27). As mentioned earlier, most of the studies in this area focus on younger Late 
Paleogene and Neogene formations. The few available data indicate that the lower Eocene 
section of the Veracruz Basin is composed of medium- to fine-grained sands interbedded 
with shales. The section was deposited in a slope environment and has a maximum 
thickness of 600 meters (Pemex, 2013c). At the time of this study, no Wilcox paleo-
drainage reconstruction was available for the Veracruz Basin. Therefore, there is no 
onshore evidence suggesting that the Veracruz basin could have acted as entry point for 
sediment delivery into the GoM Basin.  
Scaling Relationships 
Analysis of onshore data indicates that during the Eocene at least five potential 
entry points existed in the GoM (Table 1). Eocene Wilcox data indicate that in the north 
only the Yoakum/Lavaca Canyon in Texas could have acted as entry point for sediment 
transport from the Colorado fluvial system into the GoM Basin. Fan length and width 
predictions suggest that a fan sourced from the Colorado River could have reach the 
northern section of the Perdido Fold Belt (Table 2, Fig. 43).  
The second entry point is south of the international border in the Burgos Basin. The 
axis of a fluvial system feeding the Burgos shelf appears to align with an offshore 
depocenter mapped on seismic (Fig. 27). Scaling relationships indicate that the northwest 
section of the depocenter overlaps with the predicted fan fed by the Burgos fluvial system 
(Table 2, Fig. 43). The third and fourth entry points are in the Tampico Misantla basin. 
There, the Bejuco and Chicontepec canyons were still active during the early Eocene. 
These systems also align with offshore thick and laterally extensive depocenters (Fig. 27). 
Fan run-out length predictions suggest that the fluvial systems feeding the Tampico 
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Misantla Basin may have had the capacity to form deep-water fans large enough to reach 
the offshore depocenters mapped on seismic (Table 2, Fig. 43).  
The fifth potential entry point is located in the Veracruz basin. However, paleo-
drainage reconstruction was available for this system. Thus, no scaling relationships were 
calculated for the area. Instead, isochore thickness maps were used to delineate the 






















































































































































Chapter 4: Discussion 
This project provides a new understanding of the source-to-sink sediment transport 
history of the southern Gulf of Mexico Basin during the Paleocene and early Eocene. 
Previous studies (Alzaga-Ruiz et al., 2009) argued that sediment eroded from the 
Hidalgoan mountain belt was mostly trapped in onshore basins. In contrast, this evaluation 
considered all segments within a source-to-sink system.  Evidence from catchment 
headwaters, shelf, slope, and basin floor support the probable development of numerous 
deep-water fan systems in the southern Gulf of Mexico during Wilcox time. The basin-
floor segment was evaluated using offshore seismic data. Results show major depocenters 
present during both the Paleocene and Eocene Wilcox. These depocenters may attest to the 
existence of submarine fans, which often form in such areas of high accommodation. 
Analysis of onshore publically available data, including information on fluvial axis 
reconstructions, shelfal depocenters, and other shelfal morphological parameters, reveal 
several onshore areas that could have acted as sediment-entry points. These areas align 
with the mapped offshore depocenters, suggesting a genetic linkage. Examination of 
empirical scaling relationships corroborate the existence of the deep-water fans within the 
depocenters mapped on seismic. The set of scaling relationships help in linking the 
information obtained from each of the source-to-sink areas into a cohesive paleogeographic 
model of the Gulf of Mexico Basin during the Eocene and Paleocene. Unlike the 
interpretations from previous models, the results from this project suggest that the southern 
Gulf of Mexico could have received large amounts of siliciclastic influx during Wilcox 
time.  
Owing to the large amount of publicly available seismic and well data in the U.S., 
defining individual northern erosional-depositional systems having defined routes was 
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relatively straightforward.  However, identifying the southern erosional-depositional 
systems was more challenging, given limited available information. During the Paleocene, 
the continental scale paleo-Mississippi and paleo-Colorado Rivers both appear to have fed 
deep-water fans in the northern Gulf of Mexico Basin. This interpretation conforms to 
previous paleogeographic reconstructions (Galloway et al., 2000; GBDS, 2016). Well data 
clearly indicate that these two fluvial-deltaic systems had high rates of sediment supply 
and no obvious barriers to basinward transport.  
In the south, this study defined three Mexican entry points for the Paleocene: two 
entry points were sourced from the Tampico Misantla Basin, and a third from the Veracruz 
Basin. Previous studies (Galloway et al., 2000; GBDS, 2016) show a fan coming from the 
Chicontepec Canyon. However, the extent and area of the hypothesized fan were 
geological inferences based simply on the presence of the canyon itself (Galloway, pers. 
comm, 2015). Fortunately, seismic data from this project support this hypothesis, revealing 
a major depocenter near the Chicontepec Canyon. Moreover, the area defined by the 
depocenter and scaling relationship calculations help to better define the extent of these 
fans. This study also reveals two other systems that have not been previously described: 
(1) a depocenter and thus a potential submarine fan source from the northern end of the 
Tampico Misantla Basin through the Bejuco Canyon, and (2) another system sourced from 
the Veracruz Basin. 
During the early Eocene, the northern Gulf of Mexico Basin experienced an overall 
decrease in sediment supply. The Mississippi River drainage network became much 
shorter, and sedimentation decreased at the shelf (Galloway et al., 2011). The opposite is 
true in Texas: the Colorado River and the Rio Grande evolved into extensive fluvial 
complexes, both of which fed a single large depocenter known as the Rosita Delta. The 
increase in sedimentation probably initiated the development of growth faulting and 
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structural rafting. As a result, most of the Eocene Wilcox strata is thought to be trapped 
onshore within accommodation created by the separation of raft blocks. In the Rosita Delta, 
the northern extent of the raft block coincides with the Yoakum/Lavaca Canyon. This 
canyon may have acted as an entry point for Eocene sediment delivery to the basin. 
Offshore isochore mapping and onshore well penetrations suggest that during the Eocene, 
the Burgos Basin appears to have been the source area for a large fan complex just south 
of the Perdido field. These three southern Paleocene entry points were still active during 
the early Eocene, as evidenced by seismically defined depocenters in this study. Thus, it 
appears that the predicted fan complexes sourced from the Tampico Misantla Canyons and 
the Veracruz Basin underwent a significant increase in sedimentation, which could be 
attributed to the decrease in accommodation created by the foreland tectonics. Although 
the fans sourced from the Tampico Misantla have been described in previous publications 
(Galloway et al., 2000; GBDS, 2016), isochore maps and scaling relationships shown in 
this project provide supporting evidence not only about the existence, but also about the 
potential extent, direction, and area of these fans.  
This study hypothesizes that the paleogeography of the Gulf of Mexico Basin 
changed greatly from north to south. The differences between the northern and southern 
GoM siliciclastic sedimentation appears to be mostly controlled by continental tectonics. 
The distance of the tectonic front to the shelf edge influenced the size of drainage systems 
and the length of deep-water fans (Fig. 44).  The U.S. sector and northern Mexico’s source-
to-sink system was greater than 3000 km in length. The system was characterized by a 
passive margin: continental-scale fluvial systems feeding a broad gently dipping shelf and 
slope and large, deep-water fans (Fig. 44a). Conversely, the southern GoM’s source-to-
sink system was smaller than 1000 km long. The system can be described more as an active 
margin: small-scale fluvial systems originating directly from the Hidalgoan uplands into a 
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foreland basin in the slope of the Gulf of Mexico Basin and small but thick deep-water 
systems (Fig. 44b).  
 
The difference in siliciclastic deposition between northern and southern GoM basin 
also appears to be related to variations in tectonic uplift. In U.S. sector of the basin, isochore 
 




maps created in this study show that major depocenters are mostly present during the 
Paleocene. In the south, isochore maps show that numerous depocenters are present during 
Paleocene, but larger and thicker depocenters are present during the early Eocene. The 
temporal variations in depocenters correlate with differences in tectonic uplift in North 
America versus Mexico. In North America Laramide uplift is mostly constrained to Late 
Cretaceous trough Paleocene (Coney, 1972). By early Eocene, uplift in North American 
dwindled and erosion-resistant lithologies within the core of the uplifts were exposed 
(Carroll et al., 2006). Conversely, during the Eocene Mexico experienced an increase in 
tectonic uplift (Coney, 1972). These uplifts exposed thick intervals of carbonate and mud 
rich lithologies that could easily be eroded and redeposited.  
The National Commission of Hydrocarbons (CNH) in Mexico recently released 
several reports that depict deep-water sedimentation in the southern Gulf of Mexico (Figs. 
45, 46). Schematic maps within those reports define numerous sandy fan complexes within 
the Paleocene and Eocene strata, although methodology and underlying data were not 
provided. The fans defined in this project coincide with some, but not all, of the 
hypothesized complexes shown in CNH reports. Our Paleocene map agrees with CNH with 
the northern fan sourcing Perdido, and to some extent with the fans sourced from Tampico 
Misantla (Figs. 39, 45). However, the maps do not agree in the area offshore of Tamaulipas. 
CNH results show several fans sourced from the Tamaulipas area, and maps from this 
project show notable thinning toward that direction. For the Eocene interval, both studies 
show fans sourcing from the Tampico Misantla Basin (Figs. 43, 46). However, the results 
of this work indicate the existence of a fan just offshore of the Burgos Basin, which is not 
depicted on CNH maps. Instead, CNH maps show several fan complexes directly aligned 
toward the Tamaulipas Arc area. Seismic interpretation in this project does not indicate 
high sediment accommodation in the Tamaulipas area. Indeed, data relevant to the 
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structural and stratigraphic evolution of the Tamaulipas Arch (Goldhammer, 2001) indicate 
that Cretaceous carbonate islands similar to the Tuxpan Platform might have acted as 
paleohighs and as barriers to sediment transport during the Paleogene. Thus, it seems 
unlikely that fan complexes during either the Paleocene or the Eocene could be sourced 
from the Tamaulipas Arch locality. 
The Gulf of Mexico Basin has been producing oil and gas for more than 60 years. 
Finding new fields in the northern Gulf of Mexico is increasingly challenging. Venturing 
into the relatively unexplored southern Gulf of Mexico is a logical next step, given the 
recent change in Mexican regulations regarding international oil and gas exploration. The 
results of this research indicate a high probability of siliciclastic sedimentation in the 
Mexican sector of the basin, which increases the likelihood of finding several new 
siliciclastic reservoirs. Indeed, the Perdido discoveries have already proven the viability of 










Figure 46. Eocene paleogeography (Modified from CNH, 2015). 
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Production in Mexican deep-water areas will pose many challenges. According to 
the limited available petrographic data, sediment composition and grain sorting in deep-
water areas could be less than optimal, due to the high content of lithics and arkoses which 
are more prone to compaction and porosity reduction (Lundegard, 1992) (Figs. 31, 41). 
Unlike U.S continental-scale fluvial systems, which transported well-sorted, quartz-
dominated sands, the southern Gulf of Mexico margin was characterized by active tectonic 
environments associated with small fluvial systems and a potentially limited shelf. Thus, 
sediments in the southern Gulf of Mexico Basin are likely to be coarser and more poorly 
sorted and to have a large percentage of ductile lithic fragments, thus facilitating 
compaction of lithic fragments. Such compacted sediments would further reduce porosity 
and permeability in the southern Mexico Basin. 
This project focused on the regional paleogeography of the southern Gulf of 
Mexico Basin during the Paleocene and Early Eocene. Its purpose was not to define 
detailed depositional environments at specific locations in deep-water areas of the Gulf of 
Mexico. Instead, this research describes the general trends of sedimentation in a relatively 
unexplored basin. As more data become available, future studies should utilize detrital 
zircon U/Pb geochronology to better define the source areas and updip extent of fluvial 
systems in Mexico. Other data types, such as three-dimensional seismic coverage, may 








Chapter 5: Conclusion and Implications 
This project provides an enhanced understanding of the source-to-sink history of 
the southern Gulf of Mexico Basin during the Paleocene and early Eocene. Previous studies 
(Alzaga-Ruiz et al., 2009) indicated that sediment eroded from the Hidalgoan mountain 
belt was mostly trapped in onshore basins. However, the evaluation of all segments within 
a source-to-sink system—catchment headwaters, shelf, slope, and basin floor—provided 
several lines of evidence for the existence of numerous deep-water fan systems in the 
southern Gulf of Mexico during Wilcox time.  
1- Deep-water interpretation: The basin-floor segment was evaluated using 
offshore well and seismic data. Results show various depocenters present 
during both the Paleocene and Eocene Wilcox. Paleocene Wilcox isochore 
maps show two depocenters in the north: a thick depocenter in the Perdido 
compressional fold belt and a thinner depocenter in the Walker Ridge 
protraction block. In the south, two other depocenters are found: the largest and 
thickest is found offshore of the Tampico Misantla Basin, and the other 
deposystem is offshore of the Veracruz Basin. Eocene Wilcox isochore maps 
show a sizeable decrease in sedimentation in the northern Gulf of Mexico Basin. 
No depocenter is observed in the U.S. sector of the basin. In the south, a new 
depocenter is observed offshore of the Burgos Basin. Depocenters offshore of 
the Tampico Misantla and Veracruz Basins are larger and thicker than their 
Paleocene counterparts.  
2- Entry-point evaluation: This study utilized public data and observations from 
previous studies to evaluate several onshore areas rimming the Gulf of Mexico 
as potential sediment entry points into the basin during the Paleocene and 
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Eocene Wilcox. Paleocene Wilcox data indicate that the continental-scale 
paleo-Mississippi and paleo-Colorado Rivers transported vast amounts of 
sediments from the Laramide uplands into thick fluvial-deltaic depocenters. 
With no barriers to flow, sediments were transported to the contemporaneous 
shelf edge and deep basin. Both the Mississippi and Colorado fluvial axes 
appear to align with an offshore depocenter mapped on seismic. In the south, at 
least two other entry points in the form of large-scale canyons existed in the 
Tampico Misantla Basin. These two systems also appear to align with deep-
water depocenters mapped on seismic. Eocene Wilcox data indicate that in the 
north only the Yoakum/Lavaca Canyon system in Texas could have acted as 
entry point for sediment transport from the Colorado fluvial system into the 
GoM Basin. In the south, a new potential entry point is defined in the Burgos 
Basin. The axis of a fluvial system feeding the Burgos shelf appear to align with 
an offshore depocenter mapped on seismic. The two canyons in the Tampico 
Misantla Basin were apparently still active during the early Eocene. These 
systems also align with offshore depocenters.  
3- Sets of scaling relationships were used to predict the extent and area of potential 
fans sourced from the hypothesized entry points. Results indicate that deep-
water deposition in the Gulf of Mexico Basin changes greatly from north to 
south. In the north, scaling relationships indicate the presence of extensive 
deep-water fan complexes fed by continental-scale fluvial systems. Conversely, 
in the southern Gulf of Mexico, smaller fluvial systems within an active tectonic 
margin indicate the presence of smaller but thicker deep-water fan complexes. 
Deepwater fans are the ultimate sink of erosional-depositional siliciclastic systems. 
Thus, the stratigraphic record of these deep-sea fans provide useful information about the 
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other segments of a source-to-sink system. Deepwater depocenters documented in this 
study not only provide information about the history of siliciclastic sedimentation in the 
deep-basin, but also highlight the tectonic evolution of the North American craton. The 
development and extent of deep-water fans in the GoM basin appear to be significantly 
affected by the timing and location of tectonic uplift. Thus, we hypothesize that the 
stratigraphic record of deep-water fans in many other geologic systems could be used to 
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